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Abstract  
 
Chairperson:  Randall Skeleton 
 
 
Forensic anthropologists are often asked to analyze and interpret human remains 
that have been modified or damaged by predators and/or scavengers (White 
2000; James et al. 2005; Dupras et al. 2006).  The goal of this study is to 
determine whether it is possible to distinguish carnivore tooth mark 
characteristics from other carnivore tooth mark characteristics through two 
separate analyses: first by examination of tooth pitting and second from carnivore 
tooth and jaw measurements.  This is accomplished by visual analysis and 
measurements of tooth pits left on faunal bones processed by an experimental 
wolf group as well as carnivore tooth and jaw measurements from a study done 
by Murmann et al. (2006) and measurements done by the author from samples 
located in the Philip L. Wright Zoological Museum.  In the first analysis,  
independent t-tests demonstrate that pit lengths found on long bone epiphyses 
that are less than 4mm are likely to be made by carnivores the same size or 
smaller than a jackal.  If pit lengths found on long bone epiphyses are between 
4mm and 6mm, they are likely to have been made by carnivores roughly the 
same size as baboons, bears, dogs, and wolves and if the pit lengths found on 
long bone epiphyses measure greater than 6mm, they are likely made by 
carnivores about the same size as hyenas and lions.  Pit breadths between 2mm 
and 4mm found on long bone epiphyses are associated with carnivores in the 
size bracket of baboons, jackals, bears and dogs.  Pit breadths larger than 4mm 
found on long bone epiphyses are associated with larger carnivores such as 
hyenas, lions and wolves. The second analysis, a discriminant function analysis 
using tooth and jaw measurements distinguishes carnivore tooth mark 
characteristics from other carnivore tooth mark characteristics left on scavenged 
remains through the use of the Murmann et al. (2006) measurements with an 
accuracy of between 75.5% based on “leave one out” cross-validation and 78.3% 
based on the accuracy of classification of a test sample. 
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INTRODUCTION: 
 
Taphonomic processes affect all biological remains in every context whether the 
remains are buried, left out on the ground or deep underwater.  There are several 
kinds of taphonomic processes that affect the decomposition rate and dispersal 
of biological remains.  For instances wind, water, temperature, humidity, heat and 
soil composition are considered physical taphonomic processes.  Then there are 
biotic taphonomic processes that consist of but not limited to insect, carnivore, 
rodent, and microbe activity (Haglund 1992, White 2000; James et al. 2005; 
Dupras et al. 2006).   
 
There have been numerous studies done on the processes of both types of 
taphonomic agents.  Studies of physical taphonomic processes include for 
example studies of exposure to desert environments (Andrews et al. 2004) and 
to water environments (Heaton et al. 2010).  Andrews et al. (2004) located and 
studied the skeletalized remains of a young adult camel in Adu Dhabi over a 15 
year period.  The goal of the study was to determine the long term effects of 
desert environment on bone.  The results of the study suggested that the rate of 
deterioration of the bones over a 15 year period was much less than expected 
even with the taphonomic effects of sand weathering, sporadic rainfall, and 
carnivore activity.   
 
Heaton et al. (2010) researched the effects of waterways in the UK on human 
remains.   Other studies suggested that temperature was the biggest factor in 
determining a decomposition rate but Heaton et al. (2010) believed that 
waterways such as rivers must also present other factors that can influence 
decomposition rates.   They attempted to calculate a date of disappearance of 
badly decomposed remains via a postmortem submersion interval, 
decomposition score, and summation of time and temperature in hopes to 
achieve better accuracy in identification than the current method in use.  After 
looking at 172 cases from the River Clyde and the River Mercy with associated 
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canals, Heaton et al. (2010) found that water temperature does indeed play a 
major role in the decomposition rate of remains.  Warmer water will cause the 
remains to bloat and float faster increasing the decomposition rate where as 
colder water will cause the remains to remain submerged longer decreasing the 
decomposition rate. They concluded that there was no significant difference in 
the degree of decomposition among water environments in the UK. 
   
Studies of biotic taphonomic processes include for example the study by Klippel 
et al. (2007) on rodent scavenging and the study by Dominguez-Solera and 
Dominguez-Rodrigo (2009) on suid (pig) scavenging.  Klippel et al. (2007) 
examined how both brown rats and gray squirrels modified bone by observing 
their diurnal and nocturnal behaviors.  The results suggested that brown rats 
preferred fat-laden cancellous bone while gray squirrels preferred the thicker 
bone cortices but only after no fat was left on the bone.  The results also 
suggested that gnawed bone modified by the grey squirrel could be used as an 
estimate of time-since-death in temperate environments.   
 
Dominguez-Solera and Dominguez-Rodrigo (2009) studied the scavenging 
effects of both domestic and wild suids.  The reason for this study was to show 
that suid modified bone has been misclassified as bone modified by carnivores.  
They found that both domestic and wild suids share similar scavenging patterns 
(removal of cancellous bone and tooth markings) of those left behind from hyena 
and dogs.  This study brings up the possibility that interpretation of 
archaeological sites that had either domestic or wild pigs in the area must 
consider them as possible bone modifiers.  Scavenging effects on bone by 
mammal scavengers have been widely studied by paleontologists, 
archaeologists and forensic anthropologists alike because most are studying or 
mostly specialize in skeletal remains.   
  
Forensic anthropologists are often asked to analyze and interpret human skeletal 
remains that have been modified or damaged by predators and/or scavengers 
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(Haglund et al. 1989, Haglund 1992, Carson et al. 2000).  The activities of these 
animals may alter the location and condition of bones.  Therefore, it is important 
to understand these processes.  
  
Haglund et al. (1989) studied animal scavenging on human remains for the 
purpose of locating and recovering of scattered remains near a scene of 
discovery, identifying scavenger damage and to help in determining time since 
death.  They looked at damage produced by coyotes (Canis latrans) and 
domestic dogs (Canis familiaris) on 30 partially to fully skeletonized human 
remains in a time range of 4 hours to 52 months.  Haglund et al. (1989) were 
able to assign stages to coyote and domestic dog scavenging habits giving a 
correlation between time since death and stages of disarticulation as follows:  
Stage 0 = no bony involvement; Stage 1 = ventral thorax damaged and one or 
both upper extremities removed; Stage 2 = lower extremity involvement; Stage 3 
= only vertebral segments remain articulated; and Stage 4 = total disarticulation.   
 
Haglund (1992) explored five forensic cases involving different types of 
postmortem rodent activity on human remains.  The first case relates how rodent 
scavenging of the supraorbital margin and zygomatic arch impeded 
superimposition efforts to identify the remains.  Case 2 shows nesting and 
scavenging behaviors of common rats within and on a mummified body.  Cases 
3, 4 and 5 discussed common scavenging behaviors of rodents’ just days after 
the deceased expired in enclosed areas and outdoors.  Haglund (1992) 
cautioned forensic investigators to know the indigenous rodent species in the 
area and what to look for, because rodents can have an effect on the recovery of 
skeletal remains, the identification of the human remains and the interpretation of 
antemortem objects at the scene.   
 
A study done on bear scavenging by Carson et al. (2000) tried to distinguish bear 
scavenging habits from canid habits.  It was suggested that bears and canines 
do share in some mechanical bone breaking techniques, Carson et al. (2000) 
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wanted to see if there were other ways that bear and canines differ in their 
modification behavior. They concluded that bears can possibly be distinguished 
from canines by the presence or absence of certain skeletal remains at or near 
the scene of recovery.  Bears tend to exploit and carry off the axillary skeleton 
and upper limbs more so than the lower limbs where as canids tend to leave the 
axillary skeleton at the scene but carry off the upper and lower limbs.  Further, 
the species of carnivore that scavenged the remains is important in interpreting 
taphonomic processes that occurred after the death of the person whose remains 
constitute the primary evidence in the forensic case.   
 
Blumenschine et al. (1996) researched the accuracy of novices in two blind tests 
in correctly identifying marks inflicted on bone.  They wanted to explore the 
possibility that published cautions regarding misclassifications of cut marks, 
percussion marks, and carnivore tooth marks by the untrained eye are 
exaggerated.  The first blind test looked at inter-analyst correspondence in 
locating marks and the second blind test looked at the accuracy of diagnosing 
the agent of mark production.  Blumenschine et al. (1996) had novices use low-
cost and high-volume hand lens and low-power light microscope techniques to 
look at bone surfaces that had carnivore tooth marks, hammerstone percussion 
marks and knife cutting/scraping marks.  They concluded that novices with only 
several hours of training on controlled collections correctly classified the cut 
marks, percussion marks, and carnivore tooth marks on the blind test bones 
about 95% of the time, which is close to an expert’s accuracy.   
 
Selvaggio (2001) researched the possibility of distinguishing the identity and 
number of carnivore taxa on bone assemblages from early archaeological sites.  
She used tooth pit data on bone from three sources: (1) 221 extant East African 
carnivore such as spotted hyena, cheetah, leopard, lion, and jackal (2) 61 molds 
from 1.8 million year old bovid long bones and (3) latex impressions of several 
extinct carnivore tooth crowns and cusps.  Selvaggio (2001) found that area tooth 
pit size is dependent on the density of the bone suggesting that bone density is 
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an important variable and must be considered when inferring what species of 
carnivore produced the tooth pits.  She also discovered that past misconceptions 
regarding hyena damage erasing any other carnivore activity is mistaken and 
that tooth marks produced by other carnivores can survive hyena scavenging in 
the archaeological record.   
 
Dominguez-Rodrigo and Piqueras (2003) researched the use of tooth pits to 
identify carnivore families in the archaeological record on faunal remains.  The 
purpose of their study was to explore the elusive possibility of determining 
carnivores by their size (small, medium, large) that modified bone assemblages 
through tooth pit measurements.  Dominguez-Rodrigo and Piqueras (2003) used 
tooth pit length and breadth measurement found on both cancellous bone and 
dense cortical bone modified by lions, jackals, bears, hyenids, dogs, and 
baboons.  Scores were also measured but only for comparative reasons.  They 
found that there was a strong correlation between breadth and length of tooth 
pits produced by all the above mentioned carnivores.  On cancellous bone, pit 
lengths smaller than 4mm represent smaller canids (jackals) and middle sized 
felids (leopards and cheetahs).  Pit lengths between 4-6mm represent “middle-
sized and large-sized carnivores except felids other than lions” and pit lengths 
larger than 6mm represent large carnivores (hyenas and lions).  Pit breadths, on 
cancellous bone, smaller than 2mm represent medium-sized felids.  Breadths 
between 2-4mm is where the greatest carnivore overlapping occurs but breadths 
larger than 4mm represent larger carnivores (hyenas, bears, lions and dogs).  
Pitting on dense cortical bone was shown to only be divided into two groups of 
carnivore.  For both breadth and length measurements fewer than 2mm are 
associated with smaller carnivores (jackals and middle-sized felids) whereas 
measurements greater than 2mm are associated with the remaining carnivores in 
the study.  Dominguez-Rodrigo and Piqueras (2003) suggested that this study 
used in conjunction with other carnivore bone modifying behavior studies can 
“yield significant information” as to the taxa of the modifying carnivore.   
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Pickering et al. (2004) studied the contribution of leopards and other carnivore 
taxa on the fossil assemblage of Swartkrans Member 3 which was an important 
assemblage in regards to hominid activity in South Africa.  The main goal of this 
study was to test the hypothesis that leopards were active agents in preying on 
smaller animals in Swartkrans whereas larger prey was actively consumed by 
other predators.  Pickering et al. (2004) used two samples of tooth pit data to 
compare to 70 individual tooth marked specimens from the Swartkrans Member 
3 assemblage: one sample includes 113 diaphyseal tooth pit samples from 
cheetah, leopard, lion and jackal and the second sample includes 104 diaphyseal 
tooth pit samples from hyena, jackal, and lion.  The results showed that when the 
data was viewed collectively using findings from Dominguez-Rodrigo and 
Piqueras (2003), the mean length of the pits were greater than 2mm and the 
mean breadth were greater than 1.5mm suggesting that most of the pits were not 
made by small canids, cheetahs, and leopards.  Concluding that Pickering et al. 
(2004) results were consistent with the hypothesis being tested in this study that 
leopards preyed on smaller animals and other predators preyed on larger 
animals at Swartkrans.   
 
Murmann et al. (2006) performed a comparison of animal jaws and bite mark 
patterns from domestic and wild animals.  The goal of this study was to analyze 
the differences between animal jaws and bite mark patterns from the Order 
Carnivora in the attempt to identify the offending animal by their bite marks.  
They used 486 specimens of the Order Carnivora (five species from the Canidae 
family, four from the Felidae family, two from the Ursidae family and one from the 
Mustelidae family).  Measurements were taken from both the maxilla and 
mandible.  Maxilla measurements were maximum canine width, canine cusp tip, 
and mesial bone height.  Mandible measurements were mandibular canine cusp 
tip and mandibular mesial bone height.  The results suggested that there was a 
possible separation between Canidae and Felidae bite mark patterns.  
Wolverines and bears resembled the Felidae family in regards to bite mark 
patterns but yet still species specific.  Within the Felidae family there were three 
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categories of separation: small (domestic cat), medium (bobcat and lynx) and 
large (mountain lion).  There were also three categories of separation within the 
Canidae family: small (foxes), medium (coyotes) large (wolves).  Domestic dog 
should not be ruled out for any of these categories due to the differences in 
breed size which range from small to large.  Wolverines and bears were listed 
together because their bite mark patterns were similar even though they are not 
in the same families.   
 
Coard (2007) researched tooth pit data from supposed big cat kills to determine 
the carnivore(s) responsible through tooth pit studies done by Dominguez-
Rodrigo and Piqueras (2003) and others.  He used five carcasses suspected of 
predation in various states of decomposition found in the rural area west of the 
Cambrian Mountains, UK.  Coard measured both tooth pits and scores from 
casts made of the original marks resulting in carcasses 1-4 having tooth pit mean 
lengths and breadths greater than 2mm.  Carcass 5 had mean pit length and 
breadth less than 2mm.  The results suggested that carcasses 1-4 were modified 
by a carnivore within a size range of medium to large and that carcass 5 was 
modified by a small carnivore.  There are no large carnivores native to the 
sample area so that leaves only medium-sized carnivores like foxes, domestic 
dogs and allegedly leopards.  He also found that using scoring on bone to 
identify possible carnivores is not as accurate as tooth pit data but the width of 
the scores can be useful to identify large carnivore over small carnivores.  Large 
carnivores will make small width scores and large width scores but small 
carnivores can only make small width scores.   
 
Although wolf (Canis lupus) damage has rarely been implicated in forensic cases 
from the contiguous 48 states to date, the recent reintroduction of this species in 
Montana and other states raises the possibility that some forensic cases will 
eventually occur in which it is suspected that wolves have modified the bones.   
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Since there have been few studies that have considered wolf tooth marks and 
bone modification behaviors since their reintroduction into Montana and other 
Pacific Northwestern states.  This study explores two objectives.  The first 
objective is to visually analyze and measure tooth pits left on faunal bones 
processed by an experimental wolf group.  The second objective is to analyze 
carnivore tooth and jaw measurements from a study done by Murmann et al. 
(2006) and measurements done by the author from samples located in the Philip 
L. Wright Zoological Museum following Murmann et al. (2006).  The goal of this 
study is to determine, through two separate analyses, whether it is possible to 
distinguish carnivore tooth mark characteristics from other carnivore tooth mark 
characteristics by either tooth pitting or from carnivore tooth and jaw 
measurements.  The working hypothesis is that by using the experimental wolf 
group results and/or the analysis of the carnivore tooth and jaw measurements, 
one will be able to identify wolf as the carnivore bone modifier on scavenged 
bones.  This hypothesis may be accepted if I can reject the null hypothesis that 
carnivore tooth mark characteristics cannot be distinguished from each other. 
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MATERIALS & METHODS 
 
To satisfy the goal of this study, two analyses were performed.  The first was 
designed to determine whether it is possible to distinguish tooth pitting caused by 
various taxa of carnivores on bone. The second analysis was designed to 
determine whether it is possible to distinguish tooth and jaw measurements of 
various taxa of carnivores from each other. 
   
Tooth Pitting Materials & Methods: 
Study site and subjects 
Wolfkeep Wildlife Sanctuary (WWS) is located approximately sixteen miles east 
of Missoula along Montana Highway 200.  WWS is owned and maintained 
through donations by Carl Bock.  WWS is composed of a wooded 10 acre 
enclosure for the wolves, a couple of smaller enclosures, Carl Bock’s personal 
home and several various outbuildings (Wolfkeep 2005) 
 
WWS’s wolf population consists of nine adult wolves.  Seven of them are arctic 
wolves (Canis lupus arctos) from Ellesmere Island above the Arctic Circle.  The 
other two are gray wolves (Canis lupus irremotus).  Of the nine wolves, five are 
male and the other four are female (Wolfkeep 2005). 
 
Sample collection and bone identification 
Faunal carcasses were used from various donors who provided them to Carl 
Bock.  The wolves were allowed unlimited time to modify the carcasses and were 
only collected from the enclosure before they could be completely consumed.  
For safety reasons, Mr. Bock handled all interactions with the wolves in 
recovering the faunal remains from the enclosure after the wolves had chewed 
on them.   
 
Seventy-five faunal long and miscellaneous bones were received between 
January 2009 and June 2009 from Wolfkeep Wildlife Sanctuary.  The bones 
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received before the arrival of warm weather were stored in a 50 gallon plastic 
garbage can, submersed in water, until the weather permitted boiling and 
cleaning outside.  After boiling and gentle brushing, with a plastic bristled 
cleaning brush, to remove any flesh and/or tendons, the bones were visually 
analyzed.   
 
The following information was documented for each bone: 
1. Type of tooth marks visually observed 
a. Punctures 
b. Pitting  
c. Scoring 
d. Furrow 
2. Location of the damage/modification visually observed on the bone 
a. Distal 
b. Medial 
c. Proximal 
3. Other marks visually observed not due to wolves 
a. Butchering 
b. other 
4. Casting and measurements of any tooth pitting, if available 
a. Measured length and breadth of pit cast 
i. Length equals the longest axis of the pit 
ii. Breadth equals the shortest axis of the pit 
 
Binford’s (1981) classifications of scoring, punctures, pits and furrows were used 
to identify the modifications and Gilbert (1990) and White (2000) were used to 
identify the bones.  Scoring is produced when the teeth are dragged or turned 
across a bone resulting in linear scarring.  Pitting results from the bone collapsing 
under the force of the teeth due to gnawing action.  Furrowing is produced on 
cancellous bone when jaw action is repeated either by the canines or 
carnassials.   Punctures are produced when the bone collapses under the tooth 
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leaving a distinct impression of the offending tooth.  See Appendix A for the 
number of the bone, what bone it is, where and what type of modification was 
found on the bones and a photo of the modification.  A Canon EOS Rebel with 
both a EFS 18-55mm Lens and a Canon Macro Lens EF 100mm 1:2.8 USM  was 
used to take scaled photographs of each bone recording all bone modifications.  
The measurements of all pitting were done following the methods of Dominguez-
Rodrigo and Piqueras (2003) where measurements (length and breadth) were 
taken by electronic calipers from molds produced by applying Ventura Top light 
and catalyst gel to the tooth pit samples and then viewing them under binocular 
lens.  Instead of binocular lens and Ventura Top light and catalyst gel, I used a 
lighted magnifying glass to view my Woodland Scenic’s latex rubber molds.  All 
measurements were taken by using a Mitutoyo Digital Caliper in millimeters. 
 
The measurements produced by the wolf group were compared to those of other 
carnivores in Table 1 described in Dominguez-Rodrigo and Piqueras (2003), to 
determine whether significant differences exist.  To determine if a significant 
difference does exist, a Student’s t-test was used with the measured data. 
 
Table 1: Carnivore data from Dominguez-Rodrigo and Piqueras (2003) 
Data from Dominguez-Rodrigo and Piqueras (2003) 
  Pits (Means) Pits (Means) 
  Epiphyses Diaphyses 
Species n Length  s.d. Breadth s.d. n Length s.d. Breadth s.d. 
Hyenas 50 7.37 3.76 5.32 2.13 38 3.27 2.13 2.24 1.34 
Baboons 34 4.60 2.06 3.55 0.56 34 2.55 1.03 1.54 0.63 
Jackals 40 3.50 0.70 3.55 0.56 40 1.45 0.75 0.85 0.46 
Bears 44 5.24 2.84 3.73 2.10 14 2.90 0.88 1.88 0.58 
Dogs 23 4.93 2.02 3.34 1.71 16 3.87 1.47 2.38 0.84 
Lions 13 6.50 1.08 4.32 0.86 10 3.45 0.48 2.20 0.31 
 
Since Dominguez-Rodrigo and Piqueras (2003) already concluded in their study 
that there are significant differences with their carnivore data, I will therefore not 
be comparing their carnivore data over again.  I will just be comparing the wolf 
data with the data from Dominguez-Rodrigo and Piqueras (2003).  There were 
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several overlapping pits on some of the bones, therefore, some of the pits could 
not be measured accurately.  Only measurements that could be taken accurately 
were used for the independent T-test analysis.  
 
Carnivore Tooth and Jaw Material & Methods: 
The carnivore tooth and jaw measurement dataset used in this study was 
obtained from tables 1 through 12 in Murmann et al. (2006) and from 
measurements done by the author from samples located at the Philip L. Wright 
Zoological Museum following Murmann et al. (2006).  There was a total of 408 
samples (Table 2).  Of the 408 samples, 68 (5 bobcat, 8 lynx, 6 mountain lion, 11 
wolf, 6 wolverine, 16 black bear, and 16 grizzly bear) are from my measured 
samples and the remaining 340 complete samples (19 domestic cat, 19 bobcat, 
14 lynx, 29 mountain lion, 40 gray fox, 45 red fox, 28 domestic dog, 47 coyote, 
39 wolf, 11 wolverine, 22 black bear, 17 grizzly bear) are from Murmann et al. 
(2006).   
 
Table 2: Sample size of  
each species 
Species Sample Size 
domestic cat 19 
bobcat 34 
lynx 22 
mountain lion 35 
gray fox 40 
red fox 45 
domestic dog 28 
coyote 47 
wolf 50 
wolverine 17 
black bear 38 
grizzly bear 33 
 
Using Microsoft Excel, I incorporated the data of Murmann et al. (2006) with my 
own using their format of twelve columns labeled as: species, sub-species, field 
museum or natural history number, date the specimen was collected by the 
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museum, location the specimen was found, sex of the specimen, Maxillary MCW, 
Maxillary Tip, Maxillary MBH, Mandible Separated, Mandibular Tip, and 
Mandibular MBH respectively.  The species column is numbered as follows:  
1 Domestic cat    7 Domestic dog 
2 Bobcat    8 Coyote 
3 Lynx     9 Wolf 
4 Mountain lion   10 Wolverine 
5 Gray fox    11 Black bear 
6 Red fox    12 Grizzly bear 
 
The Maxillary MCW, Maxillary Tip, Maxillary MBH, Mandible Separated, 
Mandibular Tip, and Mandibular MBH, measurements were taken by Murmann et 
al (2006) using a Mitutoyo dial caliper. I used a Mitutoyo digital caliper for the 
measurements I took.  Column 10, Mandible Separated, is nominal data and was 
visually scored.   
 
The Maxillary MCW measurement is the maximum canine width of the maxilla 
and is measured by positioning the caliper between the incisal and the most 
apical position of the canines to measure the greatest dimension as shown in 
Figure 1 (Murmann et al. 2006).  The MBH measurements are mesial bone 
height of both the maxilla and mandible and are measured on the skull itself 
rather than canine to allow measurements to be taken on skulls that had missing 
or damaged teeth shown in Figure 2 (Murmann et al. 2006). Both the Maxillary 
and Mandibular Tip measurements are the distance between the canine cusp 
tips of the maxilla and mandible and measured as shown in Figure 3 (Murmann 
et al. 2006). 
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Figure 1:  Maxillary MCW (Murmann et al. 2006) 
 
 
 
Figure 2:  Top picture Maxillary MBH 
and bottom picture Mandibular MBH 
(Murmann et al. 2006) 
 
 
 
Figure 3:  Top picture Maxillary Tip 
and bottom picture Mandibular Tip 
(Murmann et al. 2006)
The dataset was analyzed by discriminant function analysis using the statistical 
software SPSS version 16.  A discriminant function analysis uses data that is 
already organized into groups to develop a formula for assigning new individuals 
to these groups on the basis of their observed values (Landau and Everitt 2004). 
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The accuracy of classification of individuals not used in the original calculation of 
the discriminant functions was estimated using two methods.  The first method 
was by using a “leave-one-out” cross-validation.  The second was by using a test 
sample consisting of 5 randomly chosen individuals of each species.  The 5 test 
individuals of each species were chose using a random number generator 
(www.random.org).  The test sample was given a species number of 13 to allow 
the discriminant function analysis to predict which species each of these cases is 
most likely to belong to.  Therefore, the study will yield both the accuracy of 
discrimination for the sample used to construct the discriminant function and the 
estimated accuracy of classification of the cases in the test sample.  Both the 
cross validation and the test sample classification results will give better 
approximations of the actual accuracy of this method under real conditions.  The 
test sample accuracy will have to be greater than chance, about 1/12 per 
individual or about 8.3%, to allow me to reject the null hypothesis that carnivore 
tooth mark characteristics cannot be distinguished from other carnivore tooth 
mark characteristics.  
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RESULTS: 
 
Tooth Pitting Results: 
Out of the 75 bones received from the Sanctuary only 25 bones had been 
modified.  It is believed that only pitting caused by carnassials were observed 
and none were observed from canine teeth.  Table 3 shows the measured pit 
data, pit means, standard deviation (s.d.), and 95% confidence. 
 
Table 3:  Measured pit data, means, s.d., and 95% confidence 
 interval 
  Pits (mm)   Pits (mm) 
  Epiphyses   Diaphyses 
Bone # Length Breadth Bone # Length  Breadth 
070-A 2.57 2.44 032 3.63 2.80 
070-B 3.83 2.94 057-A 3.81 2.50 
049-A 5.26 4.48 057-B 4.37 2.92 
049-B 4.76 3.92 052 3.99 2.04 
023 4.25 3.16 056 3.78 2.69 
042-A 7.08 5.81 006 3.30 2.03 
042-B 6.31 4.30       
042-C 6.13 5.21       
042-D 6.61 3.99       
016-A 5.13 3.59       
016-B 4.49 3.52       
016-E 7.82 6.32       
016-F 5.13 3.94       
n = 13 13   6 6 
Mean = 5.34 4.12   3.81 2.50 
S.D. = 1.43 1.11   0.36 0.38 
95% C.I. = 0.78 0.61   0.29 0.31 
 
Table 4 shows the means of all pits as reported by Dominguez-Rodrigo and 
Piqueras (2003) in their study.     
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Table 4:  Data from Dominguez-Rodrigo and Piqueras (2003) 
  Pits (Means) Pits (Means) 
  Epiphyses Diaphyses 
Species N Length  s.d. Breadth s.d. n Length s.d. Breadth s.d. 
Hyenas 50.00 7.37 3.76 5.32 2.13 38.00 3.27 2.13 2.24 1.34 
Baboons 34.00 4.60 2.06 3.55 0.56 34.00 2.55 1.03 1.54 0.63 
Jackals 40.00 3.50 0.70 3.55 0.56 40.00 1.45 0.75 0.85 0.46 
Bears 44.00 5.24 2.84 3.73 2.10 14.00 2.90 0.88 1.88 0.58 
Dogs 23.00 4.93 2.02 3.34 1.71 16.00 3.87 1.47 2.38 0.84 
Lions 13.00 6.50 1.08 4.32 0.86 10.00 3.45 0.48 2.20 0.31 
 
Tables 5 – 8 are the results of the independent T-Test analysis comparing the 
experimental wolf data with the Dominguez-Rodrigo and Piqueras (2003) 
carnivore data.  The significance is determined by the confidence interval.  If the 
confidence interval crossed from positive to negative or from negative to positive, 
then there was no significant difference between the species.  If the confidence 
interval did not cross from positive to negative or from negative to positive, then 
there was a significant difference between the species. 
 
Table 5: Comparison of pit length-epiphyses wolf data to Dominguez-Rodrigo 
and Piqueras (2003) using independent t-test analysis 
  Wolf vs.  Wolf vs. Wolf vs. Wolf vs. Wolf vs. Wolf vs. 
   Hyena Baboon Jackal Bear Dog Lion 
tcalculated (a) = 8.83 4.25 8.37 0.54 2.02 -5.48 
S.D. pooled (b) = 0.68 0.52 0.70 0.58 0.57 0.49 
ttabled @ 95% = 2.000 2.015 2.009 2.005 2.032 2.064 
95% C.I. (c) = -1.63 1.06 2.26 0.45 0.78 -0.80 
to -2.39 0.48 1.47 -0.20 0.13 -1.36 
d.f (n-2)= 61 45 51 55 34 24 
n = 63 47 53 57 36 26 
Significance = Yes Yes Yes No Yes Yes 
a.  t calculated = (x1 - x2)/s(SQRT(1/n1) + (1/n2)) 
b. S.D. pooled = SQRT((s1)2/n1) + (s2)2/n2)) 
c. 95% C.I. = (x1 - x2) +/- ttabled s (SQRT(1/n1) +(1/n2)) 
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Table 6: Comparison of pit breadth-epiphyses wolf data to Dominguez-Rodrigo 
and Piqueras (2003) using Independent T-Test analysis 
  Wolf vs.  Wolf vs. Wolf vs. Wolf vs. Wolf vs. Wolf vs. 
   Hyena Baboon Jackal Bear Dog Lion 
tcalculated (a) = -9.19 4.86 5.06 2.87 4.75 -1.12 
S.D. pooled (b) = 0.40 0.32 0.32 0.41 0.43 0.36 
ttabled @ 95% = 2.000 2.015 2.009 2.005 2.032 2.064 
95% C.I. (c) = -0.96 0.78 0.77 0.64 1.07 0.09 
to -1.40 0.42 0.42 0.19 0.58 -0.33 
d.f (n-2)= 61 45 51 55 34 24 
n = 63 47 53 57 36 26 
Significance = Yes Yes Yes Yes Yes No 
a.  t calculated = (x1 - x2)/s(SQRT(1/n1) + (1/n2)) 
b. S.D. pooled = SQRT((s1)2/n1) + (s2)2/n2)) 
c. 95% C.I. = (x1 - x2) +/- ttabled s (SQRT(1/n1) +(1/n2)) 
 
Table 7: Comparison of pit length-diaphyses wolf data to Dominguez-Rodrigo 
and Piqueras (2003) using independent t-test analysis 
  Wolf vs.  Wolf vs. Wolf vs. Wolf vs. Wolf vs. Wolf vs. 
   Hyena Baboon Jackal Bear Dog Lion 
tcalculated (a) = 4.00 12.33 26.01 5.91 -0.34 2.13 
S.D. pooled (b) = 0.27 0.18 0.16 0.20 0.28 0.17 
ttabled @ 95% = 2.02 2.02 2.02 2.10 2.09 2.15 
95% C.I. (c) = 0.79 1.44 2.52 1.15 0.24 0.61 
to 0.35 1.14 2.25 0.81 -0.24 0.31 
d.f (n-2)= 42 38 44 18 20 14 
n = 44 40 46 20 22 16 
Significance = Yes Yes Yes Yes No Yes 
a.  t calculated = (x1 - x2)/s(SQRT(1/n1) + (1/n2)) 
b. S.D. pooled = SQRT((s1)2/n1) + (s2)2/n2)) 
c. 95% C.I. = (x1 - x2) +/- ttabled s (SQRT(1/n1) +(1/n2)) 
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Table 8:  Comparison of pit breadth-diaphyses wolf data to Dominguez-Rodrigo 
and Piqueras (2003) using independent t-test analysis 
  Wolf vs.  Wolf vs. Wolf vs. Wolf vs. Wolf vs. Wolf vs. 
   Hyena Baboon Jackal Bear Dog Lion 
tcalculated (a) = 2.39 9.85 18.23 4.29 0.83 1.79 
S.D. pooled (b) = 0.20 0.17 0.16 0.18 0.20 0.16 
ttabled @ 95% = 2.018 2.024 2.015 2.101 2.086 2.145 
95% C.I. (c) = 0.57 1.93 3.53 1.38 -0.02 0.67 
to 0.00 0.05 -0.18 0.00 0.38 0.13 
d.f (n-2)= 42 38 44 18 20 14 
n = 44 40 46 20 22 16 
Significance = Yes Yes No Yes No Yes 
a.  t calculated = (x1 - x2)/s(SQRT(1/n1) + (1/n2)) 
b. S.D. pooled = SQRT((S1)2/n1) + (S2)2/n2)) 
c. 95% C.I. = (x1 - x2) +/- ttabled s (SQRT(1/n1) +(1/n2)) 
 
Carnivore Tooth and Jaw Results: 
Two discriminant function analyses were conducted for this study.  The first 
discriminant function was run using all 12 species in the original dataset.  The 
second discriminant function analysis was conducted same as the first analysis 
with the exception of 60 cases randomly chosen to represent unknown species 
group, which was labeled 13. 
 
The results from the first discriminant function analysis are given in tables 9 - 20.   
 
Table 9 shows that all 408 samples were valid, in that they were not missing any 
values for the variables Maxillary MCW, Maxillary Tip, Maxillary MBH, Mandibular 
Tip, and Mandibular MBH.  This table also shows that 0 samples were excluded 
from the analysis for missing variables.   
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Table 9:  Analysis case processing summary for 
species groups 1-12 
Unweighted Cases N Percent 
Valid 408 100.0
Missing or out-of-range group 
codes 
0 .0
At least one missing 
discriminating variable 
0 .0
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
0 .0
Excluded 
Total 0 .0
Total 408 100.0
 
Table 10 shows the sample sizes for each species.  For the variables Maxillary 
MCW, Maxillary Tip, Maxillary MBH, Mandibular Tip, and Mandibular MBH, all 
samples were employed giving the same score for the unweighted and weighted 
N values.   
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Table 10:  Group statistics for species groups 1-12 
Species   Valid N (listwise) 
Dom. dog Maxillary MCW 27 27 
    Unweighted Weighted 
  Maxillary Tip 27 27 
Dom. cat Maxillary MCW 19 19   Maxillary MBH 27 27 
  Maxillary Tip 19 19   Mandibular Tip 27 27 
  Maxillary MBH 19 19   Mandibular MBH 27 27 
  Mandibular Tip 19 19 Coyote Maxillary MCW 47 47 
  Mandibular MBH 19 19   Maxillary Tip 47 47 
Bobcat Maxillary MCW 35 35   Maxillary MBH 47 47 
  Maxillary Tip 35 35   Mandibular Tip 47 47 
  Maxillary MBH 35 35   Mandibular MBH 47 47 
  Mandibular Tip 35 35 Wolf Maxillary MCW 50 50 
  Mandibular MBH 35 35   Maxillary Tip 50 50 
Lynx Maxillary MCW 22 22   Maxillary MBH 50 50 
  Maxillary Tip 22 22   Mandibular Tip 50 50 
  Maxillary MBH 22 22   Mandibular MBH 50 50 
  Mandibular Tip 22 22 Wolverine Maxillary MCW 17 17 
  Mandibular MBH 22 22   Maxillary Tip 17 17 
Mt. lion Maxillary MCW 35 35   Maxillary MBH 17 17 
  Maxillary Tip 35 35   Mandibular Tip 17 17 
  Maxillary MBH 35 35   Mandibular MBH 17 17 
  Mandibular Tip 35 35 Bl. bear Maxillary MCW 38 38 
  Mandibular MBH 35 35   Maxillary Tip 38 38 
Gray fox Maxillary MCW 40 40   Maxillary MBH 38 38 
  Maxillary Tip 40 40   Mandibular Tip 38 38 
  Maxillary MBH 40 40   Mandibular MBH 38 38 
  Mandibular Tip 40 40 Griz. bear Maxillary MCW 33 33 
  Mandibular MBH 40 40   Maxillary Tip 33 33 
Red fox Maxillary MCW 45 45   Maxillary MBH 33 33 
  Maxillary Tip 45 45   Mandibular Tip 33 33 
  Maxillary MBH 45 45   Mandibular MBH 33 33 
  Mandibular Tip 45 45 Total Maxillary MCW 408 408 
  Mandibular MBH 45 45   Maxillary Tip 408 408 
          Maxillary MBH 408 408 
          Mandibular Tip 408 408 
          Mandibular MBH 408 408 
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The summary of canonical discriminant functions for the first discriminant 
function analysis is given Tables 11-16.   
 
The eigenvalues for the five significant functions are given in Table 11.  Also in 
Table 11, is the percentage of variance explained by the function, in this study 
function 1 and function 2, 70.8% and 24.6% respectively, capture most of the 
variation.  The cumulative % is the percentage of the variation explained by each 
function plus that of the lower numbered functions.  The Canonical Correlation is 
the Pearson's correlation between the discriminant function scores and the group 
membership.  
 
Table 11:  Eigenvalues for canonical functions species 
groups 1-12 
Function Eigenvalue % of Variance Cumulative % 
Canonical 
Correlation 
1 9.437a 70.8 70.8 .951
2 3.273a 24.6 95.4 .875
3 .304a 2.3 97.7 .483
4 .231a 1.7 99.4 .433
5 .077a .6 100.0 .268
a. First 5 canonical discriminant functions were used in the analysis. 
 
The Wilks' Lambda table, Table 12, tests the significance of the five discriminant 
functions by the canonical variate.  The significance less that of 0.05 suggests 
that the discriminate function is significant in this analysis.   
 
Table 12:  Wilks' lambda for species groups 1-12 
Test of 
Function(s) Wilks' Lambda Chi-square df Sig. 
1 through 5 .013 1731.277 55 .000
2 through 5 .135 796.646 40 .000
3 through 5 .579 217.942 27 .000
4 through 5 .754 112.287 16 .000
5 .928 29.600 7 .000
 
Table 13 presents the standardized discriminant function coefficients, which can 
be interpreted in terms of how important the variables are in distinguishing the 12 
species.  The variable Maxillary MCW has a higher importance than the other 
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variables for the first function.  The variable Mandibular MBH has the lowest 
importance among the variables for the first function.  Since there are five 
discriminant functions, each function might be named to give more readily 
apparent insight into how the correlations are associated with each discriminant 
function.  
 
Table 13: Standardized canonical discriminant function 
coefficients for species groups 1-12 
Function 
 
1 2 3 4 5 
Maxillary MCW .664 -3.203 .316 -2.156 -.535 
Maxillary Tip .098 1.867 -.035 .179 2.269 
Maxillary MBH .089 .206 -.782 2.174 .090 
Mandibular Tip .175 1.335 .392 -.027 -1.838 
Mandibular MBH .047 -.159 .953 .245 .125 
 
The correlation of each variable with the discriminant function can be observed in 
Table 14.   
 
Table 14:  Structure matrix for species groups 1-12 
Function 
 
1 2 3 4 5 
Maxillary MCW .994* -.080 -.052 -.053 .026 
Maxillary Tip .946* .206 -.023 -.076 .236 
Mandibular Tip .929* .264 .042 -.038 -.254 
Maxillary MBH .911* -.078 -.153 .375 -.008 
Mandibular MBH .071 -.138 .923* .338 .098 
Pooled within-groups correlations between discriminating variables and standardized 
canonical discriminant functions  
 Variables ordered by absolute size of correlation within function. 
*. Largest absolute correlation between each variable and any discriminant function 
 
Table 15 gives the constants for the variables, which were used to construct a 
prediction equation for classifying new cases.  In this case the prediction 
equation needed for this analysis would be based on how the correlations are 
associated between the discriminant functions from Table 14. 
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Table 15: Canonical discriminant function coefficients for 
species groups 1-12 
Function 
 
1 2 3 4 5 
Maxillary MCW 1.355 -6.535 .645 -4.399 -1.092 
Maxillary Tip .227 4.301 -.081 .412 5.229 
Maxillary MBH .308 .713 -2.703 7.517 .311 
Mandibular Tip .418 3.188 .935 -.064 -4.389 
Mandibular MBH .035 -.118 .709 .182 .093 
(Constant) -7.884 -.663 -.155 -1.029 -.719 
Unstandardized coefficients 
 
Table 16 is dependent on Table 15 since there is more than one function.  This 
table is used to create the scoring method for determining the species 
identification of new cases. 
 
Table 16: Functions at group centroids for species groups 1-12 
Function 
Species 1 2 3 4 5 
Dom. cat -3.899 -1.350 -.739 .470 -.052 
Bobcat -2.035 -1.742 .075 .132 -.127 
Lynx -1.479 -1.701 1.191 1.269 -.258 
Mt. lion 2.127 -4.029 -.806 -.219 .096 
Gray fox -3.867 1.251 -.055 -.293 -.141 
Red fox -2.879 .416 -.240 -.367 -.070 
Dom. dog -.448 1.497 -.260 .759 .362 
Coyote -1.008 1.653 .093 -.313 -.166 
Wolf 2.297 1.595 .044 .049 .300 
Wolverine .024 -2.557 1.710 -1.030 .474 
Bl. bear 2.897 .686 -.137 .185 .279 
Griz. bear 6.720 .481 .091 -.101 -.578 
Unstandardized canonical discriminant functions evaluated at group means 
 
Summary of the classification statistics for the first discriminant function analysis 
is given in Tables 17 - 19. 
 
Table 17 is basically a recap of Table 9 showing that out of 408 samples, all 
samples were valid and used in the classification statistics part of the 
discriminant function analysis.  This table also shows that 0 samples were 
excluded from the analysis for missing discriminating variables.   
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Table 17:  Classification processing summary for species 
groups 1-12 
Processed 408
Missing or out-of-range group codes 0Excluded 
At least one missing discriminating 
variable 
0
Used in Output 408
 
Table 18 is used in classification.  In this analysis, equal prior probabilities for all 
groups were chosen instead weighting by number of individuals in each group. 
 
Table 18: Prior probabilities for species 
groups 1-12 
Cases Used in Analysis 
Species Prior Unweighted Weighted 
Domestic cat .083 19 19.000
Bobcat .083 35 35.000
Lynx .083 22 22.000
Mountain lion .083 35 35.000
Gray fox .083 40 40.000
Red fox .083 45 45.000
Domestic dog .083 27 27.000
Coyote .083 47 47.000
Wolf .083 50 50.000
Wolverine .083 17 17.000
Black bear .083 38 38.000
Grizzly bear .083 33 33.000
Total 1.000 408 408.000
 
Table 19 gives the predicted and cross validated grouping of the 12 species in 
the analysis.  Out of the 408 valid samples: 100% of the 19 domestic cat, 83% of 
the 35 bobcat, 36% of the 22 lynx, 91% of the 35 Mountain lion, 95% of the 40 
Gray fox, 87% of the 45 Red fox, 56% of the 27 Domestic dog, 83% of the 47 
Coyote, 72% of the 50 Wolf, 65% of the 17 Wolverine, 53% of the 38 Black bear, 
and 88% of the 33 Grizzly bear were correctly classified.  Over all the re-
substitution prediction percentage was 77.2% in correctly classifying group 
membership.  The cross-validated grouped cases were correctly classified at a 
percentage of 75.5%. 
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Table 19:  Classification results with species groups 1-12 
    Predicted Group Membership 
    
Species 
1 2 3 4 5 6 7 8 9 10 11 12 Total 
Dom. cat 19 0 0 0 0 0 0 0 0 0 0 0 19 
Bobcat 0 29 5 0 0 1 0 0 0 0 0 0 35 
Lynx 0 14 8 0 0 0 0 0 0 0 0 0 22 
Mt. lion 0 1 1 32 0 0 0 0 0 1 0 0 35 
Gray fox 1 0 0 0 38 1 0 0 0 0 0 0 40 
Red fox 1 2 0 0 2 39 0 1 0 0 0 0 45 
Dom. dog 0 0 0 0 1 4 15 1 5 1 0 0 27 
Coyote 0 0 0 0 0 1 7 39 0 0 0 0 47 
Wolf 0 0 0 0 0 0 0 0 36 0 14 0 50 
Wolverine 0 2 1 2 0 0 1 0 0 11 0 0 17 
Blk. Bear 0 1 0 1 0 0 2 0 11 0 20 3 38 
Count 
Griz. 
Bear 0 0 0 0 0 0 0 0 1 0 3 29 33 
Dom. cat 100 0 0 0 0 0 0 0 0 0 0 0 100 
Bobcat 0 82.9 14.3 0 0 2.9 0 0 0 0 0 0 100 
Lynx 0 63.6 36.4 0 0 0 0 0 0 0 0 0 100 
Mt. lion 0 2.9 2.9 91.4 0 0 0 0 0 2.9 0 0 100 
Gray fox 2.5 0 0 0 95 2.5 0 0 0 0 0 0 100 
Red fox 2.2 4.4 0 0 4.4 86.7 0 2.2 0 0 0 0 100 
Dom. dog 0 0 0 0 3.7 14.8 55.6 3.7 18.5 3.7 0 0 100 
Coyote 0 0 0 0 0 2.1 14.9 83 0 0 0 0 100 
Wolf 0 0 0 0 0 0 0 0 72 0 28 0 100 
Wolverine 0 11.8 5.9 11.8 0 0 5.9 0 0 64.7 0 0 100 
Blk. Bear 0 2.6 0 2.6 0 0 5.3 0 28.9 0 52.6 7.9 100 
Original 
% 
Griz. 
Bear 0 0 0 0 0 0 0 0 3 0 9.1 87.9 100 
Dom. cat 19 0 0 0 0 0 0 0 0 0 0 0 19 
Bobcat 1 28 5 0 0 1 0 0 0 0 0 0 35 
Lynx 0 14 8 0 0 0 0 0 0 0 0 0 22 
Mt. lion 0 1 1 32 0 0 0 0 0 1 0 0 35 
Gray fox 1 0 0 0 38 1 0 0 0 0 0 0 40 
Red fox 1 2 0 0 2 39 0 1 0 0 0 0 45 
Dom. dog 0 0 0 0 1 5 13 2 5 1 0 0 27 
Coyote 0 0 0 0 0 1 9 37 0 0 0 0 47 
Wolf 0 0 0 0 0 0 0 0 35 0 15 0 50 
Wolverine 0 2 1 2 0 0 0 0 1 11 0 0 17 
Blk. Bear 0 1 0 1 0 0 2 0 11 0 19 4 38 
Count 
Griz. 
Bear 0 0 0 0 0 0 0 0 1 0 3 29 33 
Dom. cat 100 0 0 0 0 0 0 0 0 0 0 0 100 
Bobcat 2.9 80 14.3 0 0 2.9 0 0 0 0 0 0 100 
Lynx 0 63.6 36.4 0 0 0 0 0 0 0 0 0 100 
Mt. lion 0 2.9 2.9 91.4 0 0 0 0 0 2.9 0 0 100 
Gray fox 2.5 0 0 0 95 2.5 0 0 0 0 0 0 100 
Red fox 2.2 4.4 0 0 4.4 86.7 0 2.2 0 0 0 0 100 
Dom. dog 0 0 0 0 3.7 18.5 48.1 7.4 18.5 3.7 0 0 100 
Coyote 0 0 0 0 0 2.1 19.1 78.7 0 0 0 0 100 
Wolf 0 0 0 0 0 0 0 0 70 0 30 0 100 
Wolverine 0 11.8 5.9 11.8 0 0 0 0 5.9 64.7 0 0 100 
Blk. Bear 0 2.6 0 2.6 0 0 5.3 0 28.9 0 50 10.5 100 
Cross-
validateda 
% 
Griz. 
Bear 0 0 0 0 0 0 0 0 3 0 9.1 87.9 100 
a. Cross validation is done only for those cases in the analysis. In cross validation, each 
case is classified by the functions derived from all cases other than that case.        
b. 77.2% of original grouped cases correctly classified.        
c. 75.5% of cross-validated grouped cases correctly classified.             
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Table 20 gives the means and standard deviations of each Maxillary MCW, 
Maxillary Tip, Maxillary MBH, Mandibular Tip, and Mandibular MBH 
measurement by species. 
 
Table 20:  Means and standard deviation of measurements by species 
Means and Std. Deviation of Measurements by Species 
Species   Mean Std. Deviation Species   Mean 
Std. 
Deviation 
Maxillary MCW 1.953 0.308 Maxillary MCW 3.24 0.2668 
Maxillary Tip 1.6 0.2981 Maxillary Tip 3.062 0.2419 
Maxillary MBH 1.253 0.1982 Maxillary MBH 1.826 0.1725 
Mandibular Tip 1.368 0.2335 Mandibular Tip 2.864 0.2945 
Dom. Cat 
Mandibular MBH 0.553 0.0697 
Coyote 
Mandibular MBH 0.932 0.1125 
Maxillary MCW 2.863 0.2702 Maxillary MCW 4.85 0.3705 
Maxillary Tip 2.326 0.228 Maxillary Tip 4.45 0.3893 
Maxillary MBH 1.68 0.2084 Maxillary MBH 2.738 0.2147 
Mandibular Tip 2.077 0.2116 Mandibular Tip 4.086 0.268 
Bobcat 
Mandibular MBH 1.649 2.2537 
Wolf 
Mandibular MBH 1.424 0.1519 
Maxillary MCW 3.073 0.2334 Maxillary MCW 3.894 0.3112 
Maxillary Tip 2.495 0.1939 Maxillary Tip 3.182 0.3661 
Maxillary MBH 1.9 0.1773 Maxillary MBH 2.041 0.1873 
Mandibular Tip 2.314 0.1642 Mandibular Tip 2.771 0.2443 
Lynx 
Mandibular MBH 3.577 3.7981 
Wolverine 
Mandibular MBH 3.576 3.7813 
Maxillary MCW 5.014 0.5971 Maxillary MCW 5.179 0.6419 
Maxillary Tip 3.874 0.4828 Maxillary Tip 4.611 0.5372 
Maxillary MBH 2.829 0.3223 Maxillary MBH 2.939 0.3673 
Mandibular Tip 3.409 0.4054 Mandibular Tip 4.216 0.5365 
Mt. lion 
Mandibular MBH 1.249 0.1483 
Bl. Bear 
Mandibular MBH 1.484 0.2086 
Maxillary MCW 1.867 0.1789 Maxillary MCW 7.039 1.0025 
Maxillary Tip 1.855 0.1839 Maxillary Tip 6.082 0.8527 
Maxillary MBH 1.09 0.1057 Maxillary MBH 3.912 0.5925 
Mandibular Tip 1.703 0.1577 Mandibular Tip 5.779 0.851 
Gray fox 
Mandibular MBH 0.562 0.0705 
Griz. Bear 
Mandibular MBH 1.927 0.3394 
Maxillary MCW 2.389 0.1799 Maxillary MCW 3.793 1.5547 
Maxillary Tip 2.198 0.1777 Maxillary Tip 3.336 1.3262 
Maxillary MBH 1.369 0.1041 Maxillary MBH 2.166 0.8508 
Mandibular Tip 1.984 0.1731 Mandibular Tip 3.049 1.2642 
Red fox 
Mandibular MBH 0.558 0.0965 
Total 
Mandibular MBH 1.384 1.5658 
Maxillary MCW 3.507 0.7859     
Maxillary Tip 3.3 0.7232     
Maxillary MBH 2.107 0.4574     
Mandibular Tip 2.985 0.7887     
Dom. Dog 
Mandibular MBH 1.133 0.2815     
 
The results from the second discriminant function analysis are given in the 
following paragraphs and in Table 21.  The second discriminant function analysis 
 
28 
 
was performed exactly like the first, but included the test sample of 5 randomly 
chosen cases of each species.  The test cases were coded as species 13.  All 60 
cases of the test sample were included in the analysis, none were excluded.   
 
None of tables produced by SPSS in the second discriminant function analysis 
are shown because they duplicate those of the first analysis.  Table 21 shows the 
relevant results, which consist of the actual group, the predicted group 
membership, and whether the classification was correct or not for each of the 60 
specimens in the test sample. 
 
The total percentage accuracy of 78.3% for Table 21 represents the average 
percentage of correct classification for the test sample.  There were a total of 13 
test cases misclassified. 
 
The calculated standard deviation for the average percentage is 0.0532, 
(SQRT[(0.783*(1-0.783)/60)]). Giving a confidence interval of 0.676 to 0.890 
(0.783 +/- (2.003)(0.0532)), which does not include 0.083.  Therefore, the test 
sample accuracy is significantly greater than chance. 
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Table 21:  Discriminant function predicted group classification for the 60 
randomly chosen group 13 
  Case Actual Predicted Correctly 
  # Group Group Classified  
 5 Dom. cat Dom. cat Y 
  6 Dom. cat Dom. cat Y 
  8 Dom. cat Dom. cat Y 
  13 Dom. cat Dom. cat Y 
  19 Dom. cat Dom. cat Y 
  20 Bobcat Bobcat Y 
  34 Bobcat Bobcat Y 
  36 Bobcat Bobcat Y 
  42 Bobcat Bobcat Y 
  49 Bobcat Bobcat Y 
  55 Lynx Test Case N 
  71 Lynx Lynx Y 
  72 Lynx Lynx Y 
  75 Lynx Lynx Y 
  76 Lynx Lynx Y 
  84 Mt. lion Mt. lion Y 
  92 Mt. lion Mt. lion Y 
  99 Mt. lion Mt. lion Y 
  102 Mt. lion Mt. lion Y 
  105 Mt. lion Wolverine N 
  136 Gray fox Gray fox Y 
  144 Gray fox Gray fox Y 
  145 Gray fox Gray fox Y 
  147 Gray fox Gray fox Y 
  151 Gray fox Gray fox Y 
  157 Red fox Dom. cat N 
  158 Red fox Red fox Y 
  159 Red fox Bobcat N 
  192 Red fox Red fox Y 
  196 Red fox Red fox Y 
  206 Dom. dog Dom. dog Y 
 210 Dom. dog Red fox N 
 212 Dom. dog Dom. dog Y 
 213 Dom. dog Wolf N 
 214 Dom. dog Coyote N 
 238 Coyote Coyote Y 
 250 Coyote Coyote Y 
 252 Coyote Coyote Y 
 261 Coyote Coyote Y 
 264 Coyote Dom. dog N 
 277 Wolf Wolf Y 
 279 Wolf Wolf Y 
 283 Wolf Wolf Y 
 293 Wolf Wolf Y 
 308 Wolf Bl. bear N 
 327 Wolverine Wolverine Y 
 331 Wolverine Bobcat N 
 332 Wolverine Wolverine Y 
 333 Wolverine Wolverine Y 
 334 Wolverine Lynx N 
 341 Bl. bear Bl. bear Y 
 342 Bl. bear Wolf N 
 347 Bl. bear Test Case N 
 351 Bl. bear Bl. bear Y 
 357 Bl. bear Bl. bear Y 
 385 Griz. bear Griz. bear Y 
 398 Griz. bear Griz. bear Y 
 399 Griz. bear Griz. bear Y 
 401 Griz. bear Griz. bear Y 
 404 Griz. bear Griz. bear Y 
a. 13 incorrectly classified   
b. 47 correctly classified    
c. 78.3% of original grouped cases correctly classified 
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DISCUSSION: 
 
Tooth Pit Analysis: 
The results from the independent student’s t-test on the tooth pit analyses show 
that there are significant differences between wolf and hyena, baboon, jackal, 
dog and lion when comparing pit length on epiphyses but no significant 
difference between wolf and bear.  When comparing pit breadth on epiphyses 
there were no significant differences between wolf and lion but wolf was 
significantly different from dog, bear, jackal, baboon and hyena.   There are no 
significant differences between wolf and dog when comparing pit length on the 
diaphyses but significant differences between wolf and hyena, baboon, jackal, 
bear and lion.  In the comparison of pit breadth on diaphyses there were 
significant differences between wolf and hyena, baboon, bear and lion but no 
differences between wolf, jackal and dog.   
 
In the results from the epiphyses analyses there are no significant differences 
between bear and wolf tooth pit lengths on the epiphyses and lion and wolf pit 
breadths on the epiphyses.  The bear samples that Dominguez-Rodrigo and 
Piqueras (2003) used were obtained from the Cabarcenos nature reserve in 
Spain.  Their study does not mention the species of bear used, and it is unlikely 
that it is the American black bear (Ursus americanus).  In the Pacific Northwest of 
the United States, the major species of bear in the wild are black bear and grizzly 
bear (Ursus arctos).  By not knowing what species of bear Dominguez-Rodrigo 
and Piqueras (2003) used in their study poses a problem with this current study.  
The results of the above independent t-test would need to be used in conjunction 
with other studies to distinguish bear tooth mark characteristics from wolf tooth 
mark characteristics.  By using Carson et al. (2000) method in conjunction with 
this study’s tooth pit data one could possibly distinguish between wolf tooth mark 
characteristics and bear tooth mark characteristics.  Given that bears tend to 
exploit and carry off the axillary skeleton and upper limbs more so than the lower 
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limbs where as canid tend to leave the axillary skeleton at the scene but carry off 
the upper and lower limbs (Carson et al. 2000).     
 
In the results from the pit breadth epiphyses analysis there are no significant 
differences between lion and wolf tooth pit breadths on the epiphyses.  
Dominguez-Rodrigo and Piqueras (2003) used samples modified by African lions 
(Panthera leo) at the Maasai Mara National Reserve in Kenya.  The Pacific 
Northwest of the United States does not have any African lions in the wild but 
there are several other feline species, including feral house cat (Felis silvestris), 
bobcat (Lynx rufus), lynx (Lynx canadensis), and mountain lion (Puma concolor).  
Although the mountain lion is the largest of the feline species here in the Pacific 
Northwest of the United States it is not as large as an African lion.  An adult 
African lion can weigh between 126-190kg (Maasai Mara 2007) where as an 
adult mountain lion only weighs between 36kg and 82kg (Mountain Lion 
Foundation 2009).  With such a weight difference between the two species one 
can possibly conclude that their tooth pit lengths and breadths would also be 
different.  Since the data is for African lions instead of a Pacific Northwest 
species of feline, one would need to use this current study with studies that have 
reported tooth pitting caused by feline species found in the Pacific Northwest of 
the United States.  Selvaggio’s (2001) study has tooth pit mean area data on 
African cheetahs, leopards, and lions.  The data from her study could be used in 
future studies to distinguish wolf tooth pits from feline tooth pits that are close in 
size with mountain lion.  
 
In the results from the diaphyses analyses there are no significant differences 
between dog and wolf tooth pit lengths on the diaphyses and jackal, dog and wolf 
pit breadths on the diaphyses.  Since all three species (jackal, dog, and wolf) are 
in the canid family it would be reasonable that they would utilize the same 
mechanics of modification to bone.  Canids tend to gnaw to get to the marrow 
inside the bone shaft by what Binford (1981) calls channeled breakage or 
chipping back which several of the bones in this study show.  The pitting on the 
 
32 
 
diaphyses is harder to work with because of the density of the bone compared to 
the epiphyseal ends.  The diaphyses of all long bones are made up of cortical 
bone that is solid, dense bone which makes it harder to bite through, therefore 
the canids gnaw on the bone repeatedly in the same location.  Severe 
overlapping of pitting due to the gnawing and breakage described above caused 
measurement problems (Binford 1981, White 2000, Dominguez-Rodrigo and 
Piqueras 2003).  Therefore tooth marks on the diaphyses are not as reliable as 
those on the epiphyses in distinguishing the carnivore species that produced 
them (Pickering et al. 2004). 
 
It should be noted that the wolf group used in this tooth pit analysis was well 
feed.  The modifications that were inflicted on the sample bones may not reflect 
kill modification or even scavenging done by wolves in the wild.  But with few 
studies done regarding wolf tooth pitting the results from this study are still 
significant. 
 
Even though not all species could be distinguished from other carnivores in this 
study there was clearly a distinction between smaller carnivores and larger 
carnivores using pit length and pit breadth marks left on epiphyses.  My results 
coincided with Dominguez-Rodrigo and Piqueras (2003) and Pickering et al. 
(2004) that pit lengths found on long bone epiphyses that are less than 4mm are 
likely to be made by carnivores the same size or smaller than a jackal.  Pit 
lengths found on long bone epiphyses that are between 4mm and 6mm are likely 
to have been made by carnivores roughly the same size as baboons, bears, 
dogs, and wolves.  If the pit lengths found on long bone epiphyses are greater 
than 6mm, they were likely made by carnivores about the same size as hyenas 
and lions.  Using pit breadths found on long bone epiphyses, carnivores that 
leave marks between 2mm and 4mm are in the size bracket of baboons, jackals, 
bears and dogs.  Pit breadths found on long bone epiphyses are larger than 4mm 
in breadth are associated with larger carnivores such as hyenas, lions and 
wolves (Dominguez-Rodrigo and Piqueras (2003), Pickering et al. 2004).  Table 
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22 was constructed with the above data in mind to make the results compatible 
for North American species. 
 
Table 22: Pit length and breadth groupings for North American species 
Pit Length  Species size  Example of species: 
Less than 4mm  small to medium  coyote, fox, lynx, bobcat 
4mm ‐ 6mm  medium to large  black bear, dog, mountain lion, wolf 
Greater than 6mm  large   grizzly bear 
        
Pit Breadth  Species size  Example of species: 
2mm ‐ 4mm  small to medium  coyote, dog, fox, lynx, mountain lion 
Greater than 4mm  large  black bear, grizzly bear and wolf 
 
 
Tooth and Jaw Analysis: 
All species (feline family, canine family, wolverine and bear) were included in the 
first analysis to get a better idea of the accuracy of classification for those 
specimens used in constructing the discriminant function.  SPSS found only the 
first 5 canonical discriminant functions to be significant.  For the first and second 
analyses, all five of the significant canonical discriminant functions had significant 
Wilks' Lambda (Table 4) values less than 0.05.  The significance of the Wilks' 
Lambda values for the two analyses suggests that the variables used in the 
analyses are appropriate in predicting species membership. 
 
In the first discriminant function analysis, 77.2% of the original cases were 
classified correctly for the 12 species (Table 19).  Domestic cat was the only 
species classified 100% correctly out of the 12 original species.  Bobcat, gray 
fox, red fox, mountain lion, coyote, and grizzly bear were correctly classified 
between 83 and 91%.  Wolf and wolverine were correctly classified between 65 
and 72%.  Domestic dog and black bear were correctly classified between 53 
and 56%.  Lynx faired the worse, only having 36% correctly classified.   
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The misclassification of domestic dog could be due to the many breeds and sizes 
of dog and the number of juveniles included in the original dataset therefore 
skewing the domestic dog data.  The misclassification of the other species could 
be due to a high number of juvenile verses adult samples in the original dataset.  
What is interesting to note is that none of the wolf samples were misclassified as 
coyote or domestic dog instead 14 of the 50 samples were misclassified as black 
bear.  Also on that same note, none of the coyote samples were misclassified as 
wolf, although 7 samples were classified as domestic dog and one was classified 
as red fox.  In contrast, 5 domestic dog samples were misclassified as wolf, 4 
samples as red fox, and one sample each misclassified as wolverine, gray fox 
and coyote, again probably due to breed/size.  
 
 About 75% of the species were correctly classified by the “leave one out” cross-
validation in the first discriminant function analysis (Table 19).  Domestic cat was 
the only species classified 100% correctly out of the 12 original species.  
Mountain lion and gray fox were correctly classified between 91 to 95%.  Bobcat, 
red fox, and grizzly bear were correctly classified between 80 and 88%.  Coyote 
and wolf were correctly classified between 70 and 79%.  Wolverine and black 
bear were correctly classified between 50 and 65%.  Lynx and domestic dog 
faired the worse with 36% and 48%, respectively, being correctly classified. 
 
The misclassification of the species could be due to the high number of juvenile 
cases verses adult samples in the dataset.  Also, the misclassification of 
domestic dog could be due to the different breeds and sizes of dog.  Reflecting 
the results of the original grouping above, none of the wolf samples were 
misclassified as coyote or domestic dog in the cross-validated grouping.  Fifteen 
out of the 50 samples instead were misclassified as black bear.  Again 5 samples 
of domestic dog were misclassified as wolf, 2 samples as coyote, 5 samples as 
red fox, 1 sample as gray fox and 1 sample as wolverine.  None of the coyote 
samples were misclassified as wolf but instead 9 were misclassified as domestic 
dog and 1 as red fox.  It is interesting to note that wolves are ancestral to both 
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domestic dog and coyote but none of the coyote samples in both the original 
grouping and the cross-validated grouping were misclassified as wolf like some 
of the domestic dog samples.    
 
In the second discriminant function analysis, domestic cat, bobcat, lynx, gray fox, 
and grizzly bear test cases were all classified correctly with an accuracy of 100%. 
The mountain lion, coyote, and wolf test cases were classified with an accuracy 
of 80%.  Red fox, wolverine and black bear test cases were classified with an 
accuracy of 60%.  Domestic dog test cases fared the worst with three of five 
cases being misclassified giving a 30% accuracy of prediction.  The overall 
prediction of the test sample is about 78.3%. 
 
The current results of this study suggest that one may expect between 75.5% 
and 78.3% chance of correctly identifying the species of animal using Maxillary 
MCW, Maxillary Tip, Maxillary MBH, Mandibular Tip, and Mandibular MBH 
measurements.  This percentage is significantly better than 8.3% chance but less 
than 100% accurate.  Therefore this method should ideally be used in 
conjunction with other methods for maximal accuracy.  
 
Method For Classifying New Cases 
Discriminant function 1 has the form: 1.355(Maxillary MCW) + 0.277(Maxillary 
Tip) + 0.308(Maxillary MBH) + 0.418(Mandibular Tip) + 0.035(Mandibular MBH) – 
7.884.  Using a sectioning point of 0.0, it separates domestic cat, bobcat, lynx, 
gray fox, red fox, domestic dog and coyote from mountain lion, wolf, wolverine, 
black bear and grizzly bear. 
 
Discriminant function 2 has the form: -6.535(Maxillary MCW) + 4.301(Maxillary 
Tip) + 0.713(Maxillary MBH) + 3.188(Mandibular Tip) – 0.118(Mandibular MBH) – 
0.663.  Using a sectioning point of 0.0, it separates all the felids and wolverine 
from all the canids and ursids. 
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Discriminant function 3 has the form: 0.645(Maxillary MCW) – 0.081(Maxillary 
Tip) – 2.703(Maxillary MBH) + 0.935(Mandibular Tip) + 0.709(Mandibular MBH) – 
0.155.  Using a sectioning point of 0.0, it separates domestic cat, mountain lion, 
gray fox, red fox, domestic dog and black bear from bobcat, lynx, coyote, wolf, 
wolverine and grizzly bear. 
 
Discriminant function 4 has the form: -4.399(Maxillary MCW) + 0.412(Maxillary 
Tip) + 7.517(Maxillary MBH) - 0.064(Mandibular Tip) + 0.182(Mandibular MBH) – 
1.029.  Using a sectioning point of 0.0, it separates mountain lion, gray fox, red 
fox, coyote, wolverine and black bear from domestic cat, bobcat, lynx, domestic 
dog, wolf, and grizzly bear. 
 
Discriminant function 5 has the form: -1.092(Maxillary MCW) + 5.229(Maxillary 
Tip) + 0.311(Maxillary MBH) – 4.389(Mandibular Tip) + 0.093(Mandibular MBH) – 
0.719.  Using a sectioning point of 0.0, it separates domestic cat, bobcat, lynx, 
gray fox, red fox, coyote, and grizzly bear from mountain lion, domestic dog, wolf, 
wolverine, and black bear. 
 
A process that could be used to classify individuals using these discriminant 
functions would be to determine the discriminant score of an individual on the 
first three or four discriminant functions, noting whether the individual’s score was 
negative or positive on each.  Then consult Table 23, matching the pattern of 
negatives and positives to classify the individual into one of the indicated taxa.  
Note that gray fox and red fox are combined (as Fox) in Table 23 because they 
cannot be distinguished using these functions.  Discriminant function 5 is not 
needed because it captures less of the original variation between groups than 
functions 1, 2, and 3.  Discriminant function 4 is only needed occasionally to get 
a unique pattern of positive and negative scores, for example in distinguishing 
between grizzly bear and wolf.   
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Table 23: Discriminant functions 1-5 listed as 
positive or negative scores 
Function 
Species 1 2 3 4 5 
Dom. cat Negative Negative Negative Positive Negative 
Bobcat Negative Negative Positive Negative Negative 
Lynx Negative Negative Positive Positive Negative 
Fox Negative Positive Negative Negative Negative 
Dom. dog Negative Positive Negative Positive Positive 
Coyote Negative Positive Positive Negative Negative 
Mt. lion Positive Negative Negative Negative Positive 
Wolverine Positive Negative Positive Negative Positive 
Bl. bear Positive Positive Negative Positive Positive 
Griz. bear Positive Positive Positive Negative Negative 
Wolf Positive Positive Positive Positive Positive 
 
There are some functions of positive and negative function scores that would 
lead to no identification using this method.  For example, an individual for whom 
negative scores were calculated on functions 1 through 4 would not find a 
matching taxon in Table 23.  Higher numbered functions capture less of the 
original information in a data set than lower numbered function so in this situation 
the sign of the individual’s score on function 4 should be reversed and a match 
attempted using that pattern.  So, for example, in handling an individual with all 
negative scores, it could be treated as an individual with negative scores on 
functions 1 through 3 and a positive score on function 4.  In doing so gives an 
identification of domestic cat. 
 
This analysis may not be as useful for identifying the species that left tooth marks 
on a bone as for classifying an unknown dentition.  It would be rare to be able to 
identify all measurements in the tooth marks left on remains, but they would all 
be available on the maxillary and mandibular dentition of a specimen.  However, 
if one could identify even one of these measurements one can still narrow the 
field of species that might have made it using a t-test analysis based on the 
means and standard deviations of the measurements in Table 20. 
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CONCLUSIONS: 
 
I chose to do a combined study of carnivore tooth pitting and tooth and jaw 
measurements to determine whether it is possible to distinguish the tooth mark 
characteristics of various carnivores from each other.  Because remains that 
have been scavenged are not always complete when discovered, whether 
skeletonized or partially fleshed.  This approach may allow the species of 
scavenger to be estimated even when only isolated skeletal elements are 
present.  The hope is that this information may lead to more efficient forensic 
recoveries and interpretations. 
 
Based on the results of the tooth pit independent t-test results above, I can reject 
the null hypothesis that the various species of carnivore scavengers cannot be 
distinguished from each other based on the characteristics of tooth marks left on 
the scavenged bones.  Therefore, I conclude that using the method resulting 
from the tooth pitting data one can, with a reasonable probability but not 
certainty, distinguish the tooth marks of the various carnivores using pit length 
and pit breadth found on long bone epiphyses. 
 
Based on this study's percentage accuracy of correctly classifying a species’ 
group membership, I reject the null hypothesis that the tooth and jaw 
measurements of the carnivores considered cannot be distinguished from each 
other.  Therefore, using the method resulting from the tooth and jaw 
measurements one can, with an expected accuracy of between 75.5% and 
78.3%, identify the offending carnivore that scavenged through the use of the 
Murmann et al. (2006) measurements.   
 
 Perhaps a more complete or appropriate dataset for both analyses can be 
utilized in the future to establish greater significance in tooth pit measurements 
and/or a higher percentage of correctly classifying a species group membership 
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through tooth and jaw measurements to assist forensic anthropologists in the 
analyses of human remains that have been altered by carnivores. 
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APPENDIX A 
 
The following is the number of the bone, what bone it is, where and what type of 
modification was found on the bones and a photo of the modification. 
 
Bone 003 – right humerus 
Proximal to mid-shaft is missing possibly due to crushing/gnawing.  Possible 
scoring and puncturing (one) present but no pitting or furrowing.  Puncturing is 
probably not from a canine tooth but from a molar cusp. 
 
 
Bone 006 – right tibia (possible) 
Shows proximal damage down to the distal end of the tibial tuberosity on the 
anterior lateral side of the bone caused by possible gnawing.  Damage continues 
on the medial side past mid-shaft closer to the distal end of bone.  Multiple 
overlapping pitting and scoring all along damage area. 
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Bone 012 – right metatarsal 
Distal end likely gnawed off with multiple overlapping pitting and scoring.  
 
 
Bone 016 – right femur 
Possible furrowing on both the greater and lesser trochanter and the lateral 
epicondyle.  Multiple scoring and pitting visible on the proximal damage and 
pitting visible on the distal damage. 
 
 
Bone 018 – left femur 
Possible proximal furrowing on head and greater trochanter area. 
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Bone 021 – left femur 
Proximal end to mid-shaft is missing possibly due to gnawing.  No pitting or 
scoring visible around damage area. 
 
 
Bone 023 – left ulna 
Inferior proximal end of ulna (associated with the olecranon process on humans) 
shows furrowing with possible pitting.  But possible distal breakage not due to 
wolf activity. 
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Bone 024 – left radius 
Distal damage on bone extending up mid-shaft on lateral side (superior and 
inferiorly) and only distal damage on medial side.  Multiple overlapping pitting 
and scoring present and furrowing on distal end. 
 
 
Bone 032 – left scapula 
The vertebral border shows gnawing with some possible pitting along damage 
area.  One possible puncture on the body of the scapula but may not be wolf 
related. 
 
 
 
47 
 
Bone 035 – left humerus 
Proximal to just above distal end on lateral to mid-shaft on medial side is missing 
due to crushing/gnawing.  No puncturing, pitting, or scoring but possible 
furrowing. 
 
 
Bone 042 – left ulna 
Inferior proximal end of ulna (associated with the olecranon process on humans) 
shows furrowing with possible pitting. 
 
 
Bone 044 – left humerus 
Proximal to just below mid-shaft missing due to possibly being crushed/gnawed.  
Slight scoring is present but no puncturing, pitting or furrowing. 
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Bone 045 – right humerus 
Shows furrowing on proximal lateral end of epiphyseal. 
 
 
Bone 046 – left humerus  
Proximal to mid-shaft missing with what looks like scoring rather than furrowing 
just above the breakage with possible overlapping pitting.  The bone looks to 
have been crushed/gnawed. 
 
 
Bone 047 – right humerus 
Proximal to below mid-shaft is missing more so on lateral than medial.  Possible 
pitting and scoring present at gnaw site. 
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Bone 048 – left humerus 
Proximal to below mid-shaft is missing more so on lateral than medial with what 
looks like multiple overlapping pitting and scoring present at gnaw site. 
 
 
Bone 049 – left humerus 
Proximal to below mid-shaft is missing more so on medial than lateral.  Possible 
pitting present at gnaw site. 
 
 
Bone 052 – right ulna 
Inferior proximal end of ulna (associated with the olecranon process on humans) 
shows furrowing with multiple pitting and scoring. 
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Bone 054 – right ulna 
Inferior proximal end of ulna (associated with the olecranon process on humans) 
shows furrowing with possible scoring.  Caution on ulna damage, breakage along 
epiphyseal suture might not be due to wolf activity. 
 
 
Bone 056 – right radius 
Distal damage only.  Multiple pitting and scoring present. 
 
 
Bone 057 – right radius 
Distal damage extending just below mid-shaft.  Multiple overlapping pitting and 
scoring present. 
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Bone 058 – right ulna 
Only proximal end of ulna at epiphyseal is damaged.  Possible puncture on 
medial side of damage area. 
 
 
Bone 060 – left tibia 
Just the distal end of a tibia.  No wolf damage but cut mark present. 
 
 
Bone 061 – left ulna 
Only proximal end of ulna at epiphyseal is damaged, may not be by wolf. 
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Bone 070 – right ulna 
Inferior proximal end of ulna (associated with the olecranon process on humans) 
shows furrowing with possible pitting.  But possible distal breakage not due to 
wolf activity. 
 
 
Bone 071 – right radius 
Distal damage not due to wolf.  Possible cut mark by human tool. 
 
 
Bone 072 – left tibia 
Shows no wolf activity but distal end of bone does show to have been cut off. 
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Bone 075 – left ulna 
Almost all of proximal end gone.  No pitting or scoring visible.  Damage may or 
may not be wolf related. 
 
